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to poultry may result in an increase of the percentage.
The objectives of the present study were to examine the feasibility of utilizing higher than traditional levels of MBM in diets for broiler chickens, and to elucidate possible problems that might be associated with such a practice. Using two widely disparate MBM products (high ash-low protein, low ash-hgh protein), diets were formulated that provided levels of MBM greatly in excess of the amount required to meet the minimum phosphorus requirement. These diets were then used to grow broilers to market weights. Live performance was evaluated and skeletal development was assessed through bone ash measurements. 
MATERIALSAND METHODS
Broiler vitamid EXPERIMENT 1 A preliminary experiment was conducted to evaluate the effects of high levels of phosphorus independent of the potential problems that might be associated with amino acid content and digestibility of meat and bone meal. A corn-soybean meal diet was formulated to provide 3080 ME kcaVkg with minimum requirements for total amino acids at 110% of NRC [l] recommendations, adjusted for the reduction in dietary energy ( Table 1 ) . The lower energy level was chosen so as not to have excessive amounts of supplemental fat in the diet. The non-mineral portion of the basal diet was mixed in a large lot, and aliquots were used to blend with limestone, dicalcium phosphate, and washed builder's sand to provide the desired levels of calcium and NPl? For the experimental diets, graded levels of NPP ranged fiom 0.40 to 1.00% in increments of 0.10%. W o different series of diets were fed. In the first series, calcium was maintained at a minimum of 1.0%, while in the second series the calcium level was maintained at a Ca:NPP ratio of 21 (for NPP levelsgreater than 0.50%). This strategy resulted in a total of 12 test diets.
Male chicks of a commercial broiler strain were obtained from a local hatchery and randomly assigned to pens i n electrically heated battery brooders with wire floors. Six chicks were assigned to each compartment; six replicate groups of chicks were fed each of the experimental diets. Replicate pens were as- signed such that each tier of the battery was included among each treatment group.
The test diets and tap water were provided for ad libitum consumption from day of hatch to 21 days. Any bird that died during the study was weighed and the weight used to adjust the feed conversion ratio [FCR, figured as total feed consumed (weight of live birds + weight of dead birds)]. At 21 days, pen body weights and feed consumption were determined and two representative birds per pen were killed for bone ash determination [9] . Samples of the basal diet were subjected to calcium and phosphorus assay.
EXPERIMENT 2
W o lots of MBM were obtained from a major renderer and analyzed for proximate components and total amino acid content ( 0.10% up to 0.85% from either dicalcium phosphate, high-ash meal, or low-ash meal. In addition, a positive control diet was fed that utilized dicalcium phosphate as the primary P source and was formulated to provide the minimum NRC recommended level of NPP for the appropriate age. Diets were pelleted with steam; starter diets were crumbled. Composition of the diets appears in Tables 3,  4 , and 5.
Day-old male chicks of a commercial strain were obtained from a local hatchery and randomly assigned to floor pens in a house of commercial design. Fifty chicks were placed in each of 48 pens (50 ft2) with four pens assigned to each of the dietary treatments.
Body weight by pen and feed consumption were determined at 21,42, and 49 days. Birds were checked twice daily for mortalitywith the weight used to adjust feed utilization. At these same ages, two randomly chosen birds from each pen were killed by C02 inhalation; the right tibia were removed and ash content of dried, fat-free bone determined as described by AOAC 191. At 21 and 42 days, cohort buds that had previously been fed the experimental diets were placed in battery cages with wire floors with continued feeof the test diets. Fecal samples were collected for a 3-day period, freeze-dried, allowed to equilibrate to room temperature, and analyzed for phosphorus content. Samples of the mixed feeds were analyzed for crude protein, calcium, and total phosphorus.
Data were subjected to analysis of variance using the General Linear Models option of SAS [13] with pen means as the experimental unit. Where signifcant differences (PI .05) among treatments were observed, means were separated by repeated t-tests using the lsmeans option of SAS [U].
RESULTS AND DISCUSSION

EXPERIMENT 1
The effects of the various levels of NPP on body weight, feed conversion, mortality, and tibia ash appear in Table 6 . Performance of broilers was not impaired by feeding diets containing up to 0.70% NPP when calcium levels were maintained at a minimum of 1%. At higher levels of NPP, body weight was gradually diminished although not always significantly so. Keeping a 2 1 calcium to available phosphorus ratio did not appear to be consistently beneficial.
Feed conversion also appeared to be impaired at the higher levels of phosphorus and especially in diets where the ca1cium:NPP ratio was maintained at 21. High levels of calcium are known to tie up fat in the intestine through the production of calcium soaps, reducing its availability to the chick and consequently reducing the available energy in the diet [14,15].
Mortality was almost nonexistent in this study and was not influenced by dietary treatment. No significant differences in tibia ash content were observed, as all but one phosphorus level was in excess of the NRC [l] recommended level of NPP, based primarily upon maxirnizing tibia ash.
EXPERIMENT 2
Analysis of the experimental diets indicated that anticipated levels of calcium, total phosphorus, and crude protein were in close agreement with anticipated values (Tables 3,  4 , and 5). The effects of feeding diets containing various levels of phosphorus from low-ash or high-ash MBM on body weight of broilers appear in Table 7 . At 21 days, the and 49 days, no signilicant differences in body weight were noted among the various dietary treatments. There were no trends to suggest any depression in body weight as dietary phosphorus level increased from either type of MBM. Table 8 lists the effects of feeding diets containing various levels of phosphorus from low-ash or high-ash MBM on feed utilization by broilers. In contrast to Experiment 1, inclusion of high levels of phosphorus did not impair feed utilization. This may have resulted from the fact that the increased levels of calcium that accompanied the higher phosphorus levels was provided primarily by the meat and bone meal and not by ground limestone that might be more reactive with the dietary fat supplement. At 21 days, the feed utilization of chicks fed the diets containing the various levels of low-ash or high-ash MBM was equal to or superior to that of broilers fed the control diets containing 0.45% NPP from dicalcium phosphate. At 42 and 49 days, no s i g d b n t differences in feed utilization were noted among the various dietary treatments.
Mortality of broilers fed diets containing various levels of phosphorus from low-ash or high-ash MBM appears in Table 9 . No significant differences in mortality among the various dietary treatments were noted at 21 days. Although sighcant differences in mortality were observed among the dietary treatments at 42 and 49 days, they followed no consistent trend in relation to either source or level of supplemental phosphorus. In comparison to the mortality of chicks fed the standard NRC levels, mortality among chicks fed the diets with low-ash or high-ash MBM was si&icantly higher only in the chicks fed the low-ash meat and bone meal to provide 0.65% NPP.
The tibia ash content of broilers fed diets containing various levels of phosphorus provided from low-ash or high-ash MBM appears in Table 10 . No significant differences in tibia ash content among dietary treatments were noted at 21 or 49 days. At 42 days, the tibia ash of broilers fed diets containing higher levels of NPP from the two MBM sources tended to be significantly greater than that of chicks fed the NRC recommended levels of NPP, but this effect was not consistent. The results of this study suggest that inclusion of MBM in broiler diets at levels higher than traditionally used (up to 12.98% of highash and 17.76% of low-ash MBM to provide up to 0.85% NPP) had no adverse effects on body weight, feed utilization, mortality, or tibia ash content at 21,42, or 49 days of age, when diets were formulated on the basis of estimated digestible amino acid content. Economics of protein sources as well as supplemental phosphorus sources must be considered. Increasing the level of MBM above that needed to provide required levels of NPP will increase levels of phosphorus in the excreta (Table 11) ; this situation may be an environmental concern in some areas of poultry production. 
